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Introduction
The main objective of this paper is to identify exchange rate effects brought forth by changes in portfolio balance sheets. In both the international finance and monetary policy literature, this relationship is widely studied because it provides central banks an "additional" monetary tool to influence the exchange rate while sidestepping any alteration in the monetary base. Specifically, this channel (portfolio balance channel) asserts that changes in relative expected returns induce agents to re-balance their portfolios, which are denominated in various currencies. If agents are risk-averse, then shifts in the portfolio composition should have a direct effect on the exchange rate. 1 Paradoxically, the literature has yet to reach a consensus on the effects of this channel. This is partially due to empirical obstacles which include data availability (especially when measuring exchange rate expectations) and disentangling confounding effects induced by economic variables that endogenously react to asset portfolios.
Our paper is most closely related to Dominguez and Frankel (1993) who instrument portfolio changes with announcements on foreign exchange intervention in order to isolate effects driven by market expectations. We argue, however, that even intervention announcements can still be subject to an endogenous relationship caused by exchange rate movements prior to the announcement window. We thus extend the framework presented in Dominguez and Frankel (1993) by proposing a novel instrument for shifts in the portfolio composition of US and Colombian assets: the use of sovereign credit ratings and outlook changes conducted by Moody's, Standard and Poor's and Fitch Ratings.
Consequently, our identification strategy hinges on the strong correlation between credit rating announcements and portfolio balances. In principle, credit announcements should affect investors' decisions given that they reflect the ability of a government to meet its financial commitments. In this sense, a typical downgrade in credit ratings should increase the credit risk of the underlying asset. In fact, the empirical evidence has shown that rating announcements are particularly important for developing economies given the high degree of risk and limited flow of information (see Alsakka & Ap Gwilym, 2012; Bissoondoyal-Bheenick, Brooks, Hum, & Treepongkaruna, 2011; Treepongkaruna & Wu, 2012) .
Our methodology consists of two parts. First, we use an event study analysis in order to estimate the effects of credit ratings on portfolio compositions. Some advantages of choosing an event study methodology include analyzing each event separately, allowing for various window sizes (i.e. robustness) and the flexibility of the model used to identify the counterfactual (i.e. control group) of interest: what would have happened to portfolio balances if credit ratings had not changed, given that they did. Second, we study the effects of the estimated portfolio movements, obtained in the first step, on departures from the uncovered interest rate parity condition (UIP), also known as the risk premium.
We control for exchange rate volatility, commodity prices, relative output growth, interest rate differentials, and lagged values of credit ratings and portfolio balances in order to avoid endogenous or anticipatory movements within our instrument (i.e. omitted variable bias). These variables are published by credit agencies as glossaries of key indicators and are used as criteria for the computation of ratings. Thus, the inclusion of these variables allows us to isolate exogenous movements within portfolio compositions. Namely, we intend to identify exchange rate variations that are not attributed to changes in interest rate differentials, or factors that influence interest rate differentials.
Our findings indicate that shifts in portfolio balances affect the long term (5-year) risk premium, defined as departures from the UIP condition, in up to five months before the effects subside. Additionally, when separately considering cases in which US ratings increased (+) and decreased (−) relative to Colombian ratings, we find that the risk premium responds more to positive (+) ratings. The foregoing results show that not every credit rating change has a significant impact on agents' asset allocations, but some announcements convey additional information which triggers a re-balancing of their financial portfolios.
We believe that policy implications derived from this investigation are twofold. First, we find empirical evidence of the portfolio balance channel under certain time horizons. This potentially grants central banks an additional monetary tool to target the exchange rate without any alteration in the monetary base. Namely, if agents are risk-averse, then it is sufficient for shifts in the portfolio composition to have a direct effect on the exchange rate. Second, the fact that the risk premium responds more to positive than negative ratings opens up a line of research regarding financial and monetary policy, in which portfolio balances can be regulated depending on their asymmetric effects on capital flows.
We acknowledge the ample empirical literature that exists on either the effects of sovereign credit ratings or on the effects of the portfolio balance channel. However, to the best of our knowledge there is no study that uses credit ratings as an instrument of portfolio compositions, outside of the present study. 2 Hence, we believe that our investigation will shed some light on the ongoing debate regarding both the theoretical and empirical implications of the portfolio balance channel.
Our paper proceeds as follows: Section 2 describes the data and provides some descriptive statistics. Section 3 presents the theoretical underpinnings of the portfolio balance channel as seen from a partial equilibrium perspective, namely how the banking sector optimally allocates its portfolio composition. Section 4 presents the empirical strategy and comments on results. Finally, Section 5 concludes.
Data description

Sovereign credit ratings
Our period of study dates from January 2003 up until September 2014. Our chosen rating agencies consist of Moody's, Standard and Poor's (S&P) and Fitch Ratings (Fitch). These agencies, which correspond to the most representative agencies in Colombia, provide two types of announcements concerning sovereign bonds: Outlook/Watch and Grade ratings. While the former imparts an overall perspective of the underlying asset structure, namely a Positive, Stable or Negative outlook, the latter indicates an agency-specific grade ranking. We present a list of each grade announcement (per agency) Moody's S&P Fitch R. in Table A1 of Appendix A. Additionally, 
Portfolio measures
We employ two different portfolio measures in our estimations. Both are constructed with monthly data (of foreign and domestic bond holdings) obtained from the financial superintendency. 3 Following Dominguez and Frankel (1993) , our first measure (X DFp ) consists of foreign (US) bond investments expressed in domestic currency, ε t B * t , relative to total investment, as follows:
where B * t and B t denote foreign and domestic bonds, respectively, and ε is the nominal exchange rate expressed in Colombian Pesos per US dollar (COP/USD). The second measure (X Ratp ) is simply the ratio of foreign to domestic investment, expressed in units of domestic currency, as follows: 
Other variables
The remaining variables in our dataset are described as follows 4 :
• Finally, we present descriptive statistics for all variables in Table 1 :
The portfolio balance channel
In this section, we provide a basic theoretical understanding of the portfolio balance channel by modeling how the banking sector optimally allocates its portfolio composition. This allows us to characterize departures from the UIP condition in terms of foreign and domestic assets. Formally, let the revenue of a given investment bank equal the return of investing in domestic and foreign sovereign bonds (B, B*). Following the corporate finance literature, we assume that banks are risk averse in terms of dividends (see Bianchi & Bigio, 2014 , Allen & Michaely, 2003 , Guttman, Kadan, & Kandel, 2010 Kumar & Spatt, 1987) . Hence, a representative bank maximizes:
Intuitively, i ≤ 1 corresponds to the substitution parameter between domestic and foreign bonds and captures the fact that some bonds are more liquid than others, possibly due to transaction costs ( 1 and 2 represent liquidity parameters).
The model's adjustment cost function has important implications. First, as highlighted by Schmitt-Grohe and Uribe (2003), in an open economy with one international traded bond, the adjustment cost allows the interest rate to be determined by the total net asset position (in our case, the domestic interest rate depends endogenously on domestic and foreign assets). Second, liquidity frictions are introduced by having different degrees of substitutability (see Andres, López-Salido, & Nelson, 2004) . Note that we do not explicitly model the interaction between credit ratings and investment decisions. Nevertheless, one possible channel is through the ratio between the repayment probabilities of domestic and foreign assets. That is, when this ratio increases, so does the interest rate spread and the expected depreciation. Accordingly, the optimality conditions with respect to domestic and foreign bonds yield:
where is the Lagrange multiplier. Optimality conditions described in Eqs. (3.3) and (3.4) imply that inter-temporal marginal costs of dividends are compensated with marginal returns of each asset. Combining Eqs. (3.4) and (3.3) yields the Euler condition:
. As it turns out, Eq. (3.5) captures most of the intuition behind the UIP condition. Namely, expected exchange rate changes depend on interest rate differentials, relative repayment rates (i.e. country risk) and the risk premium. As stated in Villamizar-Villegas and Perez-Reyna (2015), the risk premium can be interpreted as the difference between a risk-free investment (foreign bond) and a risky investment (domestic bond) subject to unexpected exchange rate changes. As such, in the empirical exercise presented in Section 4, we use the following linear version of Eq. (3.5):
) and e t = ln(ε t ). Note that Eq. (3.6) is the same equation used in Almekinders and Eijffinger (1996) and Kearns and Rigobon (2002 
Empirical analysis
Consistent with our theoretical framework, the first part of our methodology consists of estimating the effects of credit ratings on the Colombian portfolio composition, for which we use an event study analysis. We then study the effects of the estimated portfolio movements on departures from the UIP condition (i.e. risk premium).
Essentially, the main challenge of estimating portfolio effects is that they respond endogenously to factors which are correlated with the exchange rate. In the "selection on unobservables" literature, studies such as Dominguez and Frankel (1993) instrument portfolio changes with announcements on foreign exchange intervention so as to isolate effects driven by expectations. We believe, however, that even these intervention announcements might be subject to an endogenous relationship caused by exchange rate movements previous to the time of announcements.
We thus propose a novel instrument for shifts in the portfolio composition: the use of sovereign credit ratings. We argue that announcements on sovereign bonds largely affect investors' decisions given that they reflect the ability of a government to meet its financial commitments. Moreover, we control for variables that are included in the glossaries of credit agencies and which are used as criteria for the computation of ratings. In this sense, we isolate portfolio movements from confounding effects (i.e. factors that concurrently affect the exchange rate).
Calculating abnormal returns using an event study analysis
Abnormal returns capture the main counterfactual of interest: what would have happened to portfolio balances if credit ratings had not changed, given that they did. Hence, they represent ideal candidates to test for variations in investment decisions which are as good as randomly assigned (at least with respect to factors that influence the exchange rate).
As such, we first identify all Outlook/Watch and Grade ratings within our sample from Moody's, Fitch and S&P that could potentially produce a change in investment decisions (see Section 2). Specifically, we identify cases in which US ratings increased relative to Colombian ratings (+) and in which Colombian ratings increased relative to US ratings (−). In order to appraise the event's impact on our selected portfolio measures, we compute abnormal returns (X * t ) defined as the difference between the observed ex-post value after each event (X t ) and the conditional mean of portfolio balances (E t [X t | t ]), otherwise known as the normal return. Formally, where t denotes the conditioning information set at time t. Recall that we employ two different measures of portfolio balances (X DFp t and X Ratp t ), as described in Section 2.2. 6 In order to estimate the normal return of Eq. (4.1), we first define an estimation window of [−13,−3] months (i.e. time period prior to each event) so as to control for variables that could have systematically affected portfolio balances. We then regress the following specification confined to the estimation window:
where Vol t corresponds to exchange rate volatility, Oil t is the change in WTI oil prices, (i t − i US t ) is the yield differential between US and Colombian sovereign bonds, ( y t − y US t ) is the relative industrial production growth between the United States and Colombia, and D event is a Dummy variable which captures past events (i.e. past changes in relative credit ratings).
In essence, we include these control variables in order to avoid endogenous or anticipatory movements within our instrument (i.e. omitted variable bias). That is, we intend to identify exchange rate variations that are not attributed to changes in interest rate differentials (or factors that have an influence on interest rate differentials). For example, changes in oil prices can simultaneously affect the exchange rate and credit ratings, leading to an endogenous relationship (i.e. both Colombia and the United States are oil producing economies). Hence, our goal is to capture exogenous portfolio movements that are almost as good as randomly assigned. To this end, we employed variables published by credit agencies as glossaries of key indicators and which are used as criteria for the computation of ratings. This allows us to isolate movements within portfolio balance sheets that do not systematically react to several macroeconomic variables.
Normal returns are then computed by projecting X t onto the event window (time period after the event). That is, we use the estimated coefficients obtained in Eq. (4.2) but use post-event values of covariates (see Campbell, Lo, & MacKinlay, 1996) . Finally, in the last step of our methodology, we regress the risk premium on the estimated abnormal returns (X * t ) as follows:
It is in this final step where we benefit from the theoretical implications of our model. In particular, we assess whether abnormal returns of portfolio compositions have an effect on the risk premium (see Eq. (3.6)). Significant results would suggest that the risk premium is in fact a relevant driver through which the portfolio balance channel operates.
Results
Results are based on the average Cumulative Abnormal Returns (CAR) of Eq. (4.1) by using an estimation window of [−13,−3] months and an event window of [−1,1] months. 7 As stated in the previous section, while the former allows us to control for episodes prior to the event, the latter is used for estimating abnormal returns. Table 2 reports estimation results of Eq. (4.1) for the two portfolio measures: DFp and Ratp. Specifically, we report the onesample t-test for the CAR of each event. We considered cases in which relative sovereign ratings increased (+) and decreased (−), as defined in Section 4.1. Additionally, we control for exchange rate volatility (measured as an Exponentially Weighted Moving Average -EWMA), changes in WTI oil prices, interest rate differentials between domestic and foreign bonds, relative output growth, and past credit ratings (see Eq. (4.2)). 8 The resulting abnormal returns of Table 2 are robust (in significance and magnitude) across yield maturities of 1 and 5 years and across portfolio measures. In total, 33 out of 44 events were significant using 1-year bond maturities, and 27 out of 44 events were significant using 5-year bond maturities. Also, while positive (+) ratings led to both higher and lower portfolio balances, negative (−) ratings mostly led to a decrease in portfolio compositions (see Table 3 ). This last result, however, should be interpreted with caution given that abnormal returns are conditional on the set of control variables. In other words, the direction of portfolio 8 Other volatility measures, using a GARCH(1,1) methodology and squared daily returns (not reported) were employed but not reported, with similar results. shifts is obtained when accounting for movements in all covariates. Furthermore, we argue that unexpected signs of some events are due to the fact that foreign and domestic investors have different effects on the direction of change within portfolios. For example, while pension funds may increase their position of domestic assets after a negative event (e.g. after a US downgrade), foreign investor may also want to increase their domestic assets, by purchasing them from the financial sector. Given that we only have aggregated data for the entire financial sector, we refer the issue of differentiating capital flows within the financial sector to future research. Tables 4-6 show results for the effects of the estimated abnormal returns on departures of UIP, as described by Eq. (4.3). Specifically, we use three measures of the risk premium which consist of: (i) the ex-post exchange rate at one year shown in Table 4 , (ii) the surveyed expected exchange rate at one year shown in Table 5 , and (iii) the ex-post exchange rate at five years shown in Table 6 . Results show that exchange rate effects are significant when considering departures from the UIP condition using 5-year exchange rate changes (Table 6 ). In fact, portfolio shifts (due to changes in credit ratings) increase the risk premium, as dictated by Eq. (3.6), in up to 5 months before the effects subside. This is not the case for the risk premium with a 1-year horizon, where effects are not statistically significant, except for the contemporary effect using the ex-post exchange rate (Table 4). 9   9 Tables A6-A8 show similar exercises as those presented in Tables 4-6 Additionally, Tables A9 and A10 of Appendix D show that, when estimating positive (+) and negative (−) ratings separately, the risk premium has a significant effect, especially after positive ratings. That is, the risk premium responds more to when US ratings increased relative to Colombian ratings than vice-versa.
A possible explanation of the stronger impact of portfolio balances in the long term relates to the intuition of investor's preferred habitat. As pointed out by Vayanos and Vila (2009) , preferred habitats are relevant in order to study the maturity structure between different assets. Others explanations include regulatory and institutional constraints. In the case of Colombia for example, there are regulations on the amount of foreign holdings that affect investment decisions of the financial sector (see Cardozo et al., 2015) .
Conclusions
In this paper we provide a theoretical understanding of the portfolio balance channel by extending the UIP to a case in which the banking sector optimally allocates its portfolio composition. In the empirical application, we propose a novel instrument for shifts in the portfolio composition: the use of relative credit ratings for US and Colombian sovereign bonds.
Our findings indicate that, when properly controlled for, shifts in portfolio balances affect the long term (5-year) risk premium, defined as departures from the UIP condition, in up to five months before the effects subside. Additionally, when separately considering cases in which US ratings increased (+) and decreased (−) relative to Colombian ratings, we find that the risk premium responds more to positive (+) ratings. The foregoing results show that not every credit rating change has a significant impact on agents' asset allocations, but some announcements convey additional information which triggers a re-balancing of their financial portfolios.
Policy implications derived from this investigation are twofold. First, we find empirical evidence of the portfolio balance channel under certain time horizons. This potentially grants central banks an additional monetary tool to target the exchange rate without any alteration in the monetary base. Namely, if agents are risk-averse, then it is sufficient for shifts in the portfolio composition to have a direct effect on the exchange rate. Second, the fact that the risk premium responds more to positive than negative ratings opens up a line of research regarding financial and monetary policy, in which portfolio balances can be regulated depending on their asymmetric effects on capital flows.
We acknowledge the ample empirical literature that exists on both the effects of sovereign credit ratings and the exchange rate. However, only a handful of studies have addressed both and, to the best of our knowledge, there is no study that uses credit ratings as an instrument for the portfolio composition, outside of the present study. Consequently, we believe that our investigation will shed some light on the ongoing debate regarding both the theoretical and empirical effects of the portfolio balance channel. Appendix A. Sovereign credit rating by agency 
Appendix B. Theoretical underpinnings of the portfolio channel
To better understand the intuition behind Eq. (3.5), we calibrate parameters as reported in Table A2 . Namely, the model replicates the steady state ratio of domestic and foreign sovereign bonds with respect to the Colombian GDP during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] .
Additionally, we assume that shocks on domestic liquidity and repayment rates follow auto-regressive processes exemplified by (B.1) and (B.2): González, Mahadeva, Prada, & Rodríguez, 2011) . 1 and 2 are ad-hoc imposed.
and further assume that t , t ∼ N(0, 2 ). Next, IRFs are computed to a one standard deviation shock in t and t . Fig. 6 depicts the response of bank's dividends, domestic and foreign sovereign bonds, and the exchange rate, to a domestic liquidity shock ( t ). Results are in line with the portfolio channel (see Weber, 1986) and show that the exchange rate depreciates given a higher demand for domestic bond holdings and a lesser demand for foreign bonds. 10 Alternatively, Fig. 7 depicts the IRFs of the same four variables to a shock on the domestic repayment rate ( t ). Results now show a fall in domestic bond holdings with respect to foreign bonds and a subsequent depreciation of the exchange rate which is in line with Eq. (3.5). Appendix C. Normality and unit root tests Dominguez and Frankel (1993) (DFp) portfolio definition and on the portfolio ratio (Ratp). We control for exchange rate volatility, interest rate differentials, changes in oil prices and output growth when a positive and a negative event occur with an event window of [0, 1] and an estimation window of [−13,−3] . Standard errors are reported in parenthesis. Dominguez and Frankel (1993) (DFp) portfolio definition and on the portfolio ratio (Ratp). We control for exchange rate volatility, interest rate differentials, changes in oil prices and output growth when a positive and a negative event occur with an event window of [−1,1] and an estimation window of [−13,−3] . Standard Errors are reported in parenthesis. * Results at the 5% significance level. ** Results at the 1% significance level.
